In this paper we continue our investigation of the N = 2 supergravity models, where scalar fields of hypermultiplets parameterize the nonsymmetric quaternionic manifolds. Using the results of our previous paper, where we have given an explicit construction for the Lagrangians and the supertransformations and, in-particular, the known global symmetries of the Lagrangians, we consider here the switching on the gauge interaction. We show that in this type of models there appears to be possible to have spontaneous supersymmetry breaking with two different scales and without a cosmological term. Moreover, such a breaking could lead to the generation of the Yukawa interactions of the scalar and spinor fields from the hypermultiplets which are absent in other known models.
Introduction
In our previous paper [1] we have considered the N = 2 supergravity models where scalar fields of hypermultiplets parameterize one of two types [2, 3] of the non-symmetric quaternionic manifolds. We have managed to give an explicit construction of the appropriate Lagrangians and supertransformations in terms of the usual hypermultiplets. One of the important general features of these models is the fact that all of them contain as a common component one of the three possible hidden sectors [4] , admitting spontaneous supersymmetry breaking with two arbitrary scales and without a cosmological term. So, in this paper we consider the possibility to switch on the gauge interactions in such models, paying the main attention to the ones which lead to the spontaneous supersymmetry breaking. For the vector multiplets we choose the well known model with the scalar field geometry O(2, m)/O(2) ⊗ O(m). The first reason is that this model appears to be the natural generalization of the N = 2 hidden sector [5, 6] to the case of the arbitrary number of vector multiplets as it was shown in [4] , where the usual symmetric quaternionic manifolds were investigated. The second one is that such a model arises in the low-energy limit of fourdimensional superstrings with N = 2 supersymmetry. For completeness we reproduce all the necessary formulas below. As it was expected, both types of models do admit the spontaneous supersymmetry breaking with two different scales and without a cosmological term, in this a number of soft breaking terms arises as a result of this breaking. As we will show, apart from the mass terms for different scalar and spinor fields of vector and hypermultiplets, in one type of models the supersymmetry breaking leads to the appearance of the Yukawa interactions between scalar and spinor fields of hypermultiplets.
Vector multiplets
To describe the interaction of vector multiplets with N=2 supergravity, let us introduce the following fields: graviton e µr , gravitini Ψ µi , i = 1, 2, Majorana spinors ρ i , scalar fieldsφ,π, and (m + 2) vector multiplets {A
. It is not difficult to see that the set of spinor and scalar fields is superfluous (which is necessary for symmetrical description of graviphotons and matter vector fields). The following set of constraints corresponds to the model with the geometry
The number of the physical degrees of freedom is correct only when the theory is invariant under the local O(2) ≈ U(1) transformations, the combination (Z∂ µ Z) playing the role of a gauge field. Covariant derivatives for scalar fields Z andZ look like
where covariant derivative D µ Z has the sign "+" and D µZ has the sign "-". In the given notations the Lagrangian of interaction looks as follows:
The W(p,q)-model has been constructed in [1] and here we shall give only a brief description of it. The main attention will be paid to the switching on a gauge interaction in this model and to the investigation of the spontaneous supersymmetry breaking and its consequences.
Description of the model
To describe W(p,q)-model let us introduce two kinds of the hypermultiplets (Λ α , Y m )Ȧ and (Σ α , Z m )Ä,Ȧ = 1, ..., p,Ä = 1, ..., q, α = 1, 2 and m = 1, 2, 3, 4, which we call correspondingly Y-and Z-multiplets. These multiplets interact with a hidden sector that has been constructed in [4] and contains the following fields: graviton e µr , gravitini Ψ µi , i = 1, 2, fermionic fields χ a α , a = 1, 2, 3, 4, and bosonic fields y ma and π [mn] . The fields π mn will enter the Lagrangian through a derivative only, whereas y ma will realize the nonlinear σ-model GL(4, R)/O(4).
Let us denote y −1 ma as y ma , so that y ma y na = δ n m . We shall need four matrices (τ a ) iα and their conjugate ones (τ a ) αi satisfying the condition:
for which we shall use the following explicit representation τ = {I, σ},τ = {I, − σ}, where σ are the Pauli matrices. Let us introduce also six matrices:
Recall, since in our representation for spinors the matrix γ 5 plays the role of an imaginary unit, then, e.g.,
The Lagrangian of the interaction of the hidden sector with Y-and Z-multiplets have the following form:
where we have denoted:
and the D-derivatives of the fermionic fields look like:
with the sign "-" for the derivatives of the parameter η and gravitino Ψ µ and the sign "+" for all other fermion fields derivatives.
Corresponding supertransformation laws have the following form:
with the notations defined above. Now let us consider interaction of W(p,q)-model with the vector multiplets described in the previous section. It is easy to check that the only additional terms, which appear in the Lagrangian, are the following:
Besides, D-derivatives of the fermionic fields change their form. Derivatives (13) of all the fermions of W(p,q)-model acquire the following additional terms (analogously to the ones in (5)):
and derivatives (5) of the fields ρ i and Θ M i acquire the following additional terms (analogously to the ones in (13)):
Gauge interaction and symmetry breaking
Our next step will be to switch on the gauge interaction and investigate a possibility to have a spontaneous supersymmetry breaking and its consequences. Among the global symmetries of the bosonic Lagrangian there are the translations of the field π mn : π → π + Λ. It has been shown in [4] , that for the three out of these six translations their gauging leads to the spontaneous supersymmetry breaking with a vanishing cosmological constant. Also, a bosonic Lagrangian of the model is invariant under the global transformations of the group O(p)⊗O(q), which touches the Y-and Z-sectors, and that allows one to switch on the gauge interaction corresponding to some subgroup of this group. For that let us make the following substitution in the Lagrangian and the supertransformation laws:
In order to restore the invariance of the Lagrangian under the supertransformations, one has to add the following terms to the Lagrangian
and to the supertransformation laws, respectively,
where
Now one can investigate minimum of the potential V = −L ′B , defined above. Without losing the generality one can always choose:
In this case the potential has the minimum at < Y m >=< Z m >= 0 and one can easily calculate the value of the potential at the minimum:
where M = 1, 2. If the matrices M M ab are self-dual, then we have the spontaneous supersymmetry breaking and the cosmological constant vanishes as a result of the gauge group choice (i. e., which global translations were made to be local ones) and not of a fine tuning of the parameters. Let us choose M 
V(p,q)-model
The N=2 supergravity model with the second general type of nonsymmetric quaternionic geometry, a so called V(p,q)-model [2, 3] , has also been constructed in [1] . Here we again refrain from a detailed description of it, paying the main attention to the symmetry breaking in this model.
Description of the model
The hidden sector of this model is essentially the same as in the previous one, but in different parameterization. It contains the following fields: graviton e µr , gravitini Ψ µi , fermions λ i a and χ i , where i = 1, 2 and a = 1, 2, 3, and bosonic fields y ma , ϕ, π [mn] , l m and π m , where m = 1, 2, 3. There are three sets of hypermultiplets interacting with the hidden sector:
, which we will call X-, Y -and Z-multiplets, correspondingly, and it turns out to be necessary to introduce γ-matrices Γ AȦÄ in order to connect fields from different kinds of the multiplets in the Lagrangian. The X-multiplet carries vector index A of the O(p) group and Y -and Z-multiplets carry the corresponding spinor indices in full correspondence with [2, 3] .
The fermionic Lagrangian of the V(p,q)-model has the following form:
The conventions in this Lagrangian are the following:
and D-derivatives for the fermions have the following form:
Here derivatives of Ψ µi and η i have the sign "-" and derivatives of all the other fermion fields -the sign "+". The corresponding supertransformations of the fermionic fields are the following:
Here we use the same conventions as in (27) and (28). The bosonic Lagrangian of the V(p,q)-model has the following form:
where g mn = y ma y na and g mn = y ma y na . We do not give here the corresponding supertransformations of the bosonic fields, because they are awkward and nonessential for our considerations. Now let us consider interaction of the V(p,q)-model with the vector multiplets, described in Section I. It is easy to check, that the only additional terms, which appear in the fermionic Lagrangian, are the following:
Besides, D-derivatives of the fermionic fields change their form. Derivatives (28) of all the fermions of the V(p,q)-model acquire the following additional terms (analogously to the ones in (5)):
and derivatives (5) of the fields ρ i and Θ M i acquire the following additional terms (analogously to the ones in (28)):
Gauge interaction and symmetry breaking
To investigate the possibilities of the symmetry breaking, we have to switch on a gauge interaction in the hidden sector of the model. The hidden sector is the same as for W (p, q)-model, it has just been rewritten in other variables. And it has translations π m → π m + Λ m and l m → l m + Λ m as part of its global symmetry group. These translations correspond to the translation of the field π mn in W (p, q)-model. And, as it has been shown in the previous section, by making part of these translations local one can obtain the spontaneous symmetry breaking with two arbitrary mass scales and vanishing cosmological constant.
In order to learn, if the mass splitting in the X-, Y -and Z-multiplets appear in our model, we also have to switch on the gauge interaction, which touches the corresponding sectors. The question, we are interested to answer as well, is: if the Yukawa couplings, mixing the fields from the different multiplets, appear in the Lagrangian after the symmetry breaking.
In general case there are two global symmetries of the sector, including X-,Y -and Zmultiplets, which do not touch the hidden sector. The first one is the following:
where generatorsṪ 1 andT 1 are connected to generator T 1 :
The generators T 1 are chosen to be real, antisymmetric and correspond to some subgroup of the orthogonal group O(p), where p is the number of the X-multiplets. The fields of the X-multiplets transform under the vector representation of this group and the fields of the Y -and Z-multiplets transform under the spinor representation.
As it has been shown in [7, 8] , depending of the values of p, q, there exists an additional global symmetry group:
where generatorsṪ 2 andT 2 commute with Γ-matrices:
The generators T i have to obey the following commutation relations:
where f
are the structure constants of the corresponding symmetry groups and the indices M i are the indices of the adjoint representations.
Let us denote these two sets of indices by a general index M: M = {(M 1 ), (M 2 )}, structure constants of the direct product of these symmetry groups by f M N K and
Then the commutation relations (38) can be rewritten in the general form:
and relationship (37), taking into account that
, can be rewritten in the following form:
Now we can switch on the gauge interaction. For that let us make the following substitution in the Lagrangian and the supertransformation laws:
and analogous expressions for the fields from Y -and Z-multiplets.
In order to restore the invariance of the Lagrangian under the supertransformations, one has to add to the Lagrangian the following terms:
all the other parameters being equal to zero, then it is easy to check, that a cosmological term vanishes. The gravitino mass matrix takes the form:
in a full correspondence with (25). Scalar fields X 1A and X 2A acquire masses 2m 1 and 2m 2 correspondingly, the spinors Ω A i -the same masses as the gravitini, while the other scalar and fermionic fields of X-, Y -and Z-multiplets remain massless. Also, as one should have expected, all fields of the vector multiplet except the vector ones acquire masses.
Moreover, it is interesting that for such a vacuum expectation values of the scalar fields there exist non-trival Yukawa couplings, mixing fields from different hypermultiplets:
Note, that we work in a system where gravitational coupling constant k = 1. The value of Yukawa couplings above, which is determined by the vacuum expectation value ofZ M N M m , is m 1,2 /m pl , so for such a coupling to be essential one has to have the scale of N = 2 → N = 1 supersymmetry breaking not much below the Plank scale, e.g. of the order of the grand unification scale.
Conclusion
Thus, in this paper we have considered the possibility to switching on the gauge interaction for both types of N = 2 supergravity models, where the scalar fields of the hypermultiplets parameterize the nonsymmetric quaternionic manifolds. First of all, we were interested in the possibility to have the spontaneous supersymmetry breaking without a cosmological term in these models. As we have shown, for the W (p, q) models the pattern of supersymmetry breaking resembles very much the one for the usual O(4, p)/O(4) ⊗ O(p) quaternionic model. In turn, the spontaneous supersymmetry breaking in the V (p, q) models leads to a more interesting picture. First, the mass terms are generated for some of the fields from the hypermultiplets and not for the vector multiplet ones only. Second, we have shown that as one of the byproducts of supersymmetry breaking one obtains the Yukawa couplings for the scalar and spinor fields of the hypermultiplets. Such couplings, which are absent in the globally supersymmetric N = 2 gauge theories as well as in the N = 2 supergravity models with the symmetric quaternionic manifolds, could lead to interesting phenomenological consequences. We have not considered here a possibility to introduce the nonzero vacuum expectation values for the matter scalar fields along the flat directions of the potentials, which could give the gauge symmetry breaking, because we concentrated here on the general properties of these models and have not considered any specific models. But the results already obtained make these models quite promising and deservs further study.
